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Riassunto. Sono stati considerati i dati di superficie e quelli
ricavati da profili sismici relativi al settore meridionale del Bacino di
Volterra (Toscana, Italia) con 1o scopo di determinare le unità deposi-
zionali e la geometria di questo settore dell'Appennino durante il
Miocene. Tra i sedimenti del substrato pre-miocenico e quelli del
Pliocene sono state individuate quattro unità deposizionali: la prima
(Unità 1) comprende i sedimenti marini del Serravalliano superiore-
Tortoniano inferiore; la seconda ({Jnità 2) include i termini lacustri e
lagunari del Tononiano superiore-Messiniano inferiore; ia terza (Uni-
tà 3) materializza i\ ctclo marino del Messiniano inferiore; la quana
(Unità a) rappresenta la facies continentale di "Lago-mare" del Messi-
niano superiore. La deposizione di queste unità mioceniche è legata
alla tettonica estensionale, attiva almeno dal Tononiano e responsabi-
1e della formazione di semi-graben e delle discontinuità fra le unità.
Abstract. The objective of this work is to analyze the Miocene
depositional units of the southern side of the Volterra Basin (Iuscany,
Italy) utilizing outcrop and seismic data and to establish the major
events that 1ed to their formatron.
Four depositional units have been recognized: Unit 1 is char-
actertzed by marine sediments of late Serravallian-early Tononian
age; Unit 2 is characterized by flutio-lacustrine and brackish deposits
of late Tortonian-early Messinian age; Unit 3 is characterized by ma-
rine deposits of early Messinian age; Unit 4 is characterized by the
lacustrine deposits ("Lago-mare" {acies) of late Messinian age. The de-
position of these four units is associated with an extensional tectonic
regime that has been active in Tuscany at least since the late Tono-
nian. This regime generated half graben type structures in which de-
position occurred. The recognized unconformities between the units
are mainly related to uplift as a consequence of the extensional tecto-
nic regime.
Introduction.
The Volterra Basin is one of the large neoau-
tochthonous, N\fl-SE elongated basins (Fig. 1) which
formed in western Tuscany since the Miocene. These ba-
sins are separated laterally by bedrock ridges composed
mainly of carbonates and sandstones (Ligurian and Tu-
scan nappes). Lengthwise, these basins are subdivided
into sub-basins by transversal morphological and struc-
tural highs (Bartolini et a1., 1983). Liotta (199t) has in-
terpreted these transversal structures as transfer zones.
There are two hypotheses about the origin of the ba-
sins. The first considers them to have formed as the re-
sult of an extensional regime that acted continuously in
Tuscany from the Miocene up to the Recent (Scandone,
1979; Patacca & Scandone, 1989; Serri et al., 1992; La-
vecchia & Stoppa, 1992; Bertini et al., 1992; Bossio et
ú,., 1993; Carmignani et al., 1994, t995; Elter & San-
drelli, 1995; Lazzarotto et al., 1995). According to this
hypothesis the extension in Tuscany occurred in two di
stinct stages. The first stage took place between late Bur-
digalian and early Tortonian times, and involved low an-
gle normal faults, leading to a stretching of the crust by
t20o/o. The second extensional stage started in late Torto-
nian, continues to the Present and is responsible for the
formation of the narrow, long grabens (or half-grabens)
that characterize the morphology of the region.
The second hypothesis considers that the basins
of western Tuscany have formed as piggy-back or thrust
top basins, and were affected by extensional stresses that
started only in the Present (Bonini er al., 1994; Boccalet-
ti et a1., 1995; Bonini & Moratti, 1995; Boccaletti et al.,
1ee7).
The objective of this paper is to integrate outcroP
data with subsurface seismic information to define the
Miocene depositional units and the geometry of the
southern side (Spicchiaiola-Pomarance area) of the Vol-
terra Basin, thus, to establish the relative validity of the
"all extensional" and the "compressional-extensional"
hypotheses of formation for the basin. In this context
the unit is "a mappable stratiform body of sedimentary
rock that is defined and identified on the basis of its
bounding discontinuities and their correlative conform-
ities" (NACSN, 1983, p. 865, modified by Valker, t992).
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Fi, I Extensional neoautochtho-
nous basins of Southern Tu-
scany. The square indicates
the studied area.
part of the sandstones. The marlstones are massive, grey,
with a variable amount of sand. Both the sandstones
and the marlstones are highiy bioturbated and the pri-
mary structures have been obliterated, except in the up-
per part of the unit. In the sandstones it is possible to
recognize trace fossils of the Skolitbos ichnofacies (Foresi
et al., 1996b). The sediments of Unit 1 commonly are
very fossiliferous and the most common fossils are bival-
ves, gastropods, echinoids and balanids. Bone fragments
and teeth of fishes are ràre (Menesini, 1967).
Unit 1 was deposited in a marine environmenr.
The marlstones are indicative of the deep inner shelf,
the sandstones of the shoreface (Fig. a; Foresi er a1.,
1996a, b). The age of Unit 1 is late Serravallian-early
Tortonian (Mazzanti et al., 1981; Mazzei et a1., 1981;
Foresi et al., 1996a).
Unit 2. Unit 2 is well represented in outcrop at the
NE side of the studied area. Recently it has been stu-
died by Bossio er al. (Slea) and it includes in rhe lower
part the "Conglomerato di Pod. Luppiano" and "Argilie
del T. Fosci", and in the upper part the "spicchiaiola"
Formation and "Argille a Pycnodonte" Formation p.p.
(Fig. 5). The lower part of this unit is known in the
literature with the name of "Serie Lignitifera" (Trevisan,
L95l; Mazzanti, 1.961, 1966; Lazzarotto & Mazzanti,
1928; Bossio et al., 1993). Unit 2 is characterized by
conglomerates, sandstones, clays and gypsum. It lies un-
conformably both on Unit 1 and bedrock. The thic-
kness of the unit, measured in the Spicchiaiola area, is
)UU M.
The conglomerates are poorly organized (toward
the base) to organized, clast supported and generally, in
thick amalgamated beds (50 to 150 cm thick). They are
composed of clasts derived from bedrock (Ligurian Nap-
pe), moderately well rounded and subspherical. Internal-
[ìlìrlj BEDRocK
Surface data.
The sedimentary ftll of the southern part of the
Volterra Basin is Middle Miocene (ate Serravallian) to
Middle Pliocene in age. It spans the interval between
Neogloboquadrina continuosa/ Globoroulia siakensis Zone
(Neogloboquadrina continuosa Subzone) and the Globoro-
talia aemiliana Zone, according to the planktonic fora-
miniferai zonal scheme of Iaccarino and Salvatorini
(1.982), partially revised by Foresi et al. (in press) for the
Middle Miocene and the interval Discoaster kugleri Zone
- D. surculus Zone according to nannofossil zonation in-
dicated by Mazzer 6c Oggiano, 1990; Bossio et al., t991.;
Francolini et al., 1990 and Foresi et a1., submitted).
Four units can be recognized in the Miocene (Fig.
2). The correlarion of these units with the bio-chrono-
stratigraphic scheme and the geochronological scale is il-
lustrated in Fig. 3.
Unit 1. This unit is known in the literature by the
name of "Arenaria di Ponsano" (Giannini & Tongiorgi,
1.959; Mazzanti et a1., 1,98I; Mazzei et a1., 1981; Foresi
et al., L996a, b). It crops our only near Volterra (Ponsa-
no iocality; Fig. 2), in the eastern side of the studied
area, and near Siena (Rencine locality). It lies unconfor-
mably on bedrock, represented in this area by the Ligu-
rian Nappe. According to Elter & Sandrelli (1995), Unit
1 is autochthonous and not semiallochthonous as repor-
ted in the preceding literature @aldacci et al., 1,967;De-
candia et al., 1,993). The maximum thickness of the
unit, measured in the Ponsano outcrop, is 550 m.
Unit 1 is characterized by sandstones alternating
with marlstones (Fig. a). The sandstones are fine to me-
dium grained, well sorted, yellow or grey-yellow and
well cemented (calcareous cement), normally in strata 5-
6 m thick; congiomerates occur only in the uppermost
Allostratigraplry and seismic stratigraplry of the Spicchiaiola Pomarance area 359
Fig.2 - Map distribution of the depositional units of the Spicchiaiola-Pomarance area, southern side of the Volterra Basin. A-A', section
renoned in Finrre 9.
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Correlation between the units and the bio-magneto-chronostratigraphic and geochronologic scheme. A - Magnetostratigraphic scale
after Cande and Kent (1995); B - bio-chronostratigraphic scheme after Bossio et al. (1991) and Foresi et al. (submitted).
ly they show foresets, cut and fill and wide channel
structures. They have been interpreted as the subaerial
part of an alluvial fan complex (Martini et al., 1995; Pa-
scucci, 1995). The sandstones are coarse to medium-fine
grained. Coarse sandstones are poorly sorted, yellowish
brown, well cemented, locally containing granules and
sparse pebbles. They occur in medium to thick beds,
generally planar bedded to massive, seldom showing
trough cross-bedding: ripple crosslamination and cross
beds occur preferentially toward the top of the unit.
The medium and fine sandstones are grey to yellowish
brown in colour, plane laminated, thin to thick bedded.
They contain granules and sparse small pebbles. The
sandstones have been interpreted as distal fluvial depo-
sits and turbid flow or turbidite layers deposited in a
relatively deep lake. The clays are grey, massive with oc-
casional plant material. Local interlayers of sandstone
and rare conglomerates are present (Fig. 5). In the lower
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Fig. 4 - Stratigraphic sections of Unit 1 measured at Ponsano (af-
ter Foresi er al., 1996a). The base of this unit does not
crop out at this locality.
part of the unit, a few thin beds (some metres thick) of
lignite are often interbedded with the clays. The name
of "Serie Lignitifera" (ignitiferous series) derives from
the presence of these organic layers. The clays are indi-
cative of deep lacustrine settings. The evaporative depo-
sits are composed of gypsarenites, clays with interbed-
ded gypsarenites and local alabastrine gypsum. They oc-
cur at the bottom of the "Spicchiaiola" Formation or in
the upper portion of the unit, at the base of the "Argil-
le a fiicnodonte" Formation. In the first case their rhic-
kness is about 15 m, while in the second they reach a
thickness of about 20 m.
Two different fossil assemblages characterize the
lower and the upper parr of IJnír. 2. The lower part is
characterrzed by cap of gastropods (opercula of Bi-
tlrynia), vegetable materials (chiefly oogonia of Chara-
ceae and plant material) and lacustrine osrracods. The
upper part is characterized by gastropods (especially Me-
lanopsis and Teodoxu), bivalves (Lymnocardium and
Dreissena), serpulids (in the sandy-marl facies) and vege-
table remains. Furthermore a consistent change in the
microfauna has been recorded. In fact, in this upper
part foraminifers and ostracods of brackish environmenr
are presenr (Bossio et al., I996a).
Fossiliferous and lithological characteristics indica-
te that Unit2 was deposited initially in a fluviolacusrri-
ne environment which later became a brackish lagoon
which experienced periods of high salinity (Fig. 5). The
age of the lower part of Unít 2 is late Tortonian and
that of the upper part reaches the earliest Messinian.
This age is confirmed by preliminary radiometric dating
(8.1 t 0.1 Ma) of a volcanociastic layer interbedded with
the sediments of the 'Serie Lignitifera" near the studied
area (D'Orazio er al., 1995). .
Unit 3. The unit is present in the central part of
the studied area and lies unconformably (with angular
unconformity) on bedrock and on LJnit 2, or, in places,
conformably (correlative conformity) on Unit 2. lJnrt 3
is characterized (Fig. 5) by conglomerates ("Conglomera-
ti di Villa Mirabella'), limestones ("Calcari di Castel-
nuovo') and clays ("Argille a Pycnodonte" Formation
p.p; Cerri & Sandrelli, 1994; Bossio et al., 1996a). The
three lithologies show interfingering relationships. Con-
glomerates and limestones have a marginal position in
the sedimentary basin, whereas the clays occur mainly
toward the center of the basin. The unit ranges from 30
m to 50 m in thickness.
The conglomerates are clast supported with calca-
reous sandy matrix. Pebbles are mostly composed of
limestones, well rounded, variabie in size (5-10 cm avera-
ge) and show perforation from lithophagous organisms.
The clasts derive from the Ligurian nappe and the Tu-
scan Nappe. Macrofossils are rare or absent in the con-
glomerates. Conglomerates mark the early Messinian
marine transgression in the area (Bossio et al., t994,
I996a). The limestones are bioclastic and rich in terrige-
nous material. Bioclasts are of molluscs (Chlam1s, Pec-
ten, Ostred), echinoids, bryozoars and anellids (Ditrupa).
Associated with these, mounds of rhodolites and/or Po-
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Stratigraphic section of the Upper Miocene Units (2, 3, 4)
o{ the Spicchiaiola-Pignano arer (after Bossio et a}..,1994).
c - clayl sn - sandstone; cg - conglomerate.
posits (Bossio et al., 1994, 1996a). Clays are grey, massi-
ve with locally some rhin sandstone interlayers. These
sandstones are fine grained, graded, yellowish and plane
laminated. In places, ripple crossJamination also occurs.
Specimens o{ \cnodonte naoicularis are presenr in the
clays and are often very abundant. More rarely, other
small bivalves have been observed (Corbula gibba).
The concentration of microfauna and the nanno-
flora vary considerable in the unit. In the limestone fa-
cies, benthonic foraminifers and ostracods are very com-
mon, whereas the calcareous plankton is generally char-
acterized by few, generally small, specimens. In the "Ar-
gllle a Pycnodonte" micro and nannoplankton assembla-
ges are abundant and frequently oligotypical. In the
benthonic assemblages, Boliuina dentellata, B. dilatata
and Bulimina ecbinaa are the taxa rhat abound. Ostra-
cod assemblages are represented by few species.
Unit 3 was deposited in a marine environmenr,
inner neritic zone (Bossio et a1., I996a). Clay can reach
the outer part of the shelf (Bossio et a1., I996a). Micro-
paleontological assemblages allow us to recognize episo-
des of anoxic conditions at the bottom and hypersaline
water masses in the basin.
The age of this unit is early Messinian. According
to Bossio et al. (L994, 1996a) the fossil assemblages are
indicative of the lowermosr part of the Non Distinctive
Zone (loraminiferal biostratigraphy) and of the upper-
most part of the Amaurolithus primus-A. amplifi.cus
Zo ne (calcar eous nannopl ankton b io strati grap hy) .
Unit 4. The unit is present in the Spicchiaiola and
Cecina River areas. Its lower contact is indicated to be
an unconformable one by seismic data (see later), but
such aî unconformity is not recognizable in the
outcrop. The upper boundary of the unit grades confor-
mably (correlative conformity) in to the Pliocene clays.
Unit 4 ("Argille e gessi del F. Era Morta" p.p. and
"Conglomerati di Borro Sassicaia"; Cerri & Sandrelli,
1994) is characterízed by clays with interbedded sands
(turbidites), gypsum, reworked gypsum and conglomera-
tes. The thickness of the unir measured in the Spic-
chiaiola area is 500 m (Fig. 5).
At the base of lJnit 4, a thick conrinuous level of
gypsum is present. This level represenrs the Messinian
evaporative period of the Mediterranean. It is charac-
terized by the following primary facies: finely crystal-
line, laminated, selenitic and arenitic. Diagenetic alaba-
strine gypsum is present as well.
The clays are brown-grey, with a variable amount
of massive or laminated marls (calcareous shale). Small
pebbles occur isolated or in clusters. The sands are grey,
medium grained, normally in beds 5 cm to 1 m thick.
Plane lamination is iocally well developed. Both clay
and sand are lacustrine deposits. The pebble conglome-
rates are clast supported, poorly organized in beds 1 m
thick with sandy matrix. Clasts are moderately well
rounded with average size of 5-6 cm, mostly composed
of limestones or sandstones derived from Ligurian Nap-
pe and subordinately from Tuscan Nappe. In places peb-
bles of aplite (Eurite Auct.) and gypsum are present.
Conglomerates have been interpreted as mass flow depo-
sits.
A poor macrofauna characterizes sediments of this
unit; some layers are rich of Dreissena, sometimes asso-
ciated with Lymnocardiurn, hmníc gastropods and serpu-
lids. Among the microfossìls, Tècamoebas, oogonìa of
Characeae and other remains of vegetation have been
found. The foraminifers are poorly represented and
ostracod assemblages are generally very rich in speci-
mens of a few species. Some of these are typical of the
Parathetis biofacies (Bossio et al., 1996a) and they are
present only in the uppermost part of the unit.
Unit 4 was deposited in a shallow lacustrine envi-
ronment characterized by fresh to brackish rÀ/ater; this
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environment is well known in the literature with the
name of "Lago-mare". The age of the unit is late Messi-
nian (Bossio et al., 1994, 1996a).
Seismic analysis.
In the Volterra area seismic profiles have been ob-
tained by AGIP to explore for gas (Mariani Ec Prato,
1988). Seismic data, still under proprietary confidence,
were obtained using 24 channels and a vibroseis source
with shot spacing of 40 m, providing a subsurface co-
verage of 60000/o. Their processing has been carried
using the elaboration sequence explained by Mariani &
Prato (1988). Data from a seismic profile running almost
para1lel to the geological section (Fig. 2, 6A) will be pre-
sented here. The line-drawing reiative to the seismic pro-
file (Fig. 68) shows two different reflection patterns.
Along the SW side (Pomarance - Cecina River) reflec-
tors are well defined and organtzed, while along the NE



































Fìo 6 A) Geological section of the Spicchiaiola-Pomarance area, showing the relationships between the four depositional units. B) Line
drawing (in two way time) relative to a seismic profile that crosses the Spicchiaiola-Pignano area. The geometry of the Upper
Miocene basin is wetl displayed, Note the half graben geometry the listric geometry of the Pignano fault and the prograding
clinoforms from S$l to NE. The faults flatten toward a common, deep, décollement srrface. On the hanging-wall side of the basin,
the presence of clinoforms could be related to a delta complex prograding toward the central part of the basin. The Mazzolla fault in
the central oart of the orofile delimits the Pliocene basin. The seismic profile, at this moment is not available for publication.
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side (Spicchiaiola) reflectors are less well defined. This
fact may be related to the numerous normal faults pre-
sent in this part of the area which modify the seismic
"io."l ^,,"1it.,
Four seismic sequences can be recognized (Fig. Z).
The first seismic sequence (V1) is characterized by re-
flectors that are generally not continuous, with poorly
defined trends. FIowever, onlaps on bedrock (Ligurian
Nappe) are iocally weil defined. This seismic sequence is
present only in the northern part of the profile and it
corresponds to the depositional Unit 1. The second sei-
smic sequence (V2) is generaliy characterized by discon-
tinuous, poorly organízed reflecrors, although in places
they define an angular unconformiry with the under-
lying seismic sequence L and the bedrock. In the Cecina
River area, better defined and continuous reflectors
show prograding clinoforms from southwest toward the
central part of the basin. This V2 sequence corresponds
to both outcropping depositional Units 2 and 3. Due to
the reduced thickness (30-50 m), Unit 3 cannot be iden-
tified in this area with seismic data. The various reflec-
tor patterns of V2 in the Cecina River area (Fig. 68) can
be interpreted as follow. The discontinuous poorly orya-
nized reflectors may be associated with conglomeratic
topset lenses of a prograding delta. The well defined cli-
noforms may represent sands, fine conglomerates and
clays derived from such a delta.
The third seismic sequence (V3) ir characterízed
by well defined reflecrors in the lower part of the se-
quence showing clear onlap on sequence V2. The high
amplitude reflectors at the base of the sequence V3 can
be associated with the gypsum layers alternating with
clays which formed during the Mediterranean evaporari-
ve period. In the upper part of the sequence the reflec-
tors become less well defined. V3 corresponds to deposi-
tional Unit 4. The fourrh seismic sequence (V4) shows
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Frg.7 - Relationship between seismic
and depositional units. In the
figure are also indicated the
relative periods of uplifting
and subsidence related to the
extensionaì tectonic regime.
well defined continuous reflecrors in the lower part and
less well defined ones in the upper part. Seismic sequen-
ce V4 corresponds to the Pliocene deposits (Fig. 68).
Structure.
Several normal faults mapped in outcrops (Fig. 2)
and reported in the geologicai cross secrion of Fig. 6A,
are also recognizable in the seismic profiles (Fig. 68). In
the subsurface, they show a listric geomerry flattening
toward a common, deep décollement surface (Fig. 68).
They define a half-graben type basin. The easrernmosr
large fault (Pignano fault system; Figs. 2, 6A, 6B) cuts
through the Ponsano Sandstone (Unit 1), and acted as
the active master fault during the late Tortonian and
Messinian; that is, during the sedimentation of the de-
positional Units 2, 3 and 4 (or seismic sequences V2
and V:). In fact the maximum thickness of the Upper
Miocene sediments occurs at the footwall of this fault.
In the Pliocene, the Mazzolla fault (Mazzola fault sy-
stem; Figs. 2, 6A, 68) became the active master fault
during the deposition of the marine Pliocene sediments.
These sedimenrs have the maximum thickness at the
footwall of the Mazzolla fault (Bossio et. al., 1995,
I996a). This demonsrrares a significant shift of the de-
pocenter of the Volterra Basin through time.
Discussíon.
In the southeastern area of the Volterra Basin the-
re is no indication, on the surface or in the seismic sec-
tion, of major compression. All the faults we have ob-
served are normal ones. Therefore, for this area at least,
extensional forces were responsible for the initiation and
subsequent development of the basin.
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In this area, we can further observe that normal
faults cut through all the sequences and they join a ba-
sal fault which dips shallowly into the bedrock. The
thickness of the seismic sequences, combined with
outcrop evidence, indicate that the seismic sequence Vl
is and can be present only in the area northeast of the
Mazzolla fault (Fig. 6). This is the Ponsano Sandstone
Unit which has been reported by Elter & Sandrelli
(1995) to be widespread, although discontinuously, over
western Tuscany and parts of the Tyrrhenian Sea (Lazza-
rotto et ú.., L995; Pascucci, 1996). This unit has been
interpreted by Elter & Sandrelli (1995) to represent de-
position of the first extensional stage of this region.
The evolution of the basin during the Late Mioce-
ne is well documented in this area, although slightiy
complicated by subsequent dissection during the Plioce-
ne. Four major events can be recognized.
The first event starts with the unconformity be-
tween lJnits 1, and 2. This unconformity records a tecto-
nic upiift during the Tortonian which has been recogni-
zed aiong the Tyrrhenian side of the Northern Apenni-
nes (Patacca 6r Scandone, t989; Carmignani et aI., 1994;
Baldi et al., 1994; Bossio et al., t993). This event is mar-
ked by an abrupt change in the environmental condi-
tions from marine (Middle-Upper Miocene p.p.) to con-
tinental (Upper Miocene p.p.). During this time, a pe-
riod of non deposition occurred. The deposition of
lJnit 2 is connected with new extensional activity and
the formation of narrow half-graben.
The second event is marked by the unconformity
between Units 2 and 3. This can be recognized in
outcrop near the locality of Spicchiaiola. It may be rela-
ted to the uplift of the ridge (\4iddle Tuscany Ridge)
present at the eastern boundary of the Voiterra Basin
(Bossio er al., 1995). The same unconformity has been
documented also by Bossio et aI. (1996b) in western
areas (Fine Basin, Fig. 1), therefore it records both a ge-
neral uplift of this side of Tuscany during the early Mes-
sinian and contemporaneous relative fall of sea level else-
where.
The third event is documented by the unconformi-
ty between Units 3 and 4 and is well represented in the
seismic profile. It records a drastic drop of sea level, a
change from a marine (Unit 3) to a lacustrine (Unit 4)
environment and intense erosion at the margin of the ba-
sin and consequent emplacement of gypsum and other
marginal materials into the deeper part of the basin as
gravity flows. The origin of this event can be considered
eustatic rather than linked to a tectonic regional uplift.
The fourth event is marked by a new period of
tectonic activity during which the Upper Miocene sedi-
mentary basins was dissected, and a new depositional
basin formed during the Pliocene. This event is contem-
poraneous with the reopening of the Mediterranean-
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Atlantic Ocean communication. In the seismic profile
this new tectonic activity is documented by the
westward shifting of the half-graben master fault (from
Pignano toMazzolla fault system, Fig. 6).
The seismic data indicate that the geometry of the
late Tortonian-Messinian basin is similar to that of the
Typ. A model of half-graben Fig. S) proposed by leeder
& Gawthorpe (1987) and modified by Martini & Sagri
(1993).In fact, on the hanging-wall side (Fig. 68) of the
basin, a large alluvial-delta complex prograded into a wa-
ter body in the central part of the basin, while coarse-
grained fan delta complexes characterized the footwall
side of the basin (Martini et aL,1995; Pascucci, 1995).
Fig.8 - Model of deposition in the half-graben of the southern
side of the Volterra Basin. 1, conglomerates; 2, clays; 3,
turbidite fine sands: 4. deltaic coarse sands.
Gonclusion.
The analysis of the Upper Miocene depositional
units of the Spicchiaiola-Pomarance area indicates the
following.
1 - In the southeastern part of the Volterra Basin
there is no evidence of major compressional events, thus
the basin developed under an extensional regime.
2 - Sedimentation during the upper Tortonian-
Messinian occurred in half-graben type basins.
3 - The depocenter of the Upper Miocene basin is
not the same as that of the Pliocene basin. In fact, the
former is close to the Pignano fault (Pignano fault sy-
stem), whereas that of the Pliocene is close to the Maz-
zolla fault (Mazzolla fault system); that is, it moved
westward through time.
4 - The unconformities between Unit 1 and Unit
2,Unit 2 and Unit 3 can be related to uplift as a conse-
quence of the regional extensional tectonic regime that
affected Tuscany from the upper Tortonian. The uncon-
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formity between seismic unit V 3 and Pliocene sedi-
ments is related to a new tectonic phase of activity that
redefined the geometry of the Volterra Basin.
5 - The unconformity between Units 3 and 4 can
be related to the drastic drop in sealevel that led to the
Messinian "salinity crisis" of the Mediterranean Sea. In
this case eustasy played a major role.
A. Bossio, L. M. Foresi, R. Mazzei, V. Pascucci, G. Salpatorini & F. Sandrelli
Acknouledgments.
'We would like to thank Prof. I.P Martini (Guelph University,
Guelph, Canada), Prof. M.R. Gibling (Dalhousie Universitn Halifax,
Canada) and anonymous reviewers whose suggestions helped us
considerably in focussing and improving the writing of the final
version., and Prof. A, Lazzarotto for his scientific support, This
work has been financed by CNR grant no 92AO85S (Prof. A.
Lazzarotto) and MURST 60% (Prof. Salvatorini, Prof. Sandrelli).
REFERENCES
Baldacci F., Elter P., Giannini E., Giglia G., Lazzarotto A.,
Nardi R. & Tongiorgi M. (1967) - Nuove osservazioni
sul problema della Falda Toscana e sulla interpretazíone
dei Flysh arenacei tipo "Macigno" dell'Appennino Set-
tentrionale. Mem. Soc. Geol. It., v. 6, pp. 2L3-244,Ftoma.
Baldi P., Bertini G., Cameli G.M., Decandia F.A., Dini I.,
L^zzaÍofto A. 8r Liotta D. (1994) - La tettonica distensi-
va post-collisionale nell'area georermica di Larderelio
(Toscana meridionale). Studi Geologici Camerti, 7994/1,
pp. 183-194, Camerino.
Bartolini C., Bernini M., Carloni G.C., Costantini A., Federi-
ci P.R., Gasperi G., Lazzarotto A., Marchetti G., Maz-
zanti R., Papani G., Pranzini G., Rau A., Vercese P.L.,
Francavilla F. & Sandrelli F. (1983) - Carta neorettonica
dell'Appennino settentrionale. Note illustrative. 8ol/.
Soc. Geol. It., (1982), v. 101, pp. 523-549, Roma.
Bertini G., Costantini A., Cameli G.M., Di Filippo M., De-
candia F.A., Elter M.F., Lazzarotto A., Liotta D., Pande-
ìi E., Sandrelli F. Er Toro B. (L992) - Strutrura geologica
dai Monti di Campiglia e Rapolano Terme (Toscana
Meridionale): stato delle conoscenze e problematiche.
Studi Geologici Camerti, 1991/1, Voi. Spec., pp. 155-
178, Camerino.
Boccaletti M., Gianelli G. & Sani F. (1997) - Tectonic regime,
granite emplacement and cnrstal structure in the inner
zone of the Nonhern Apennines (Tuscany, ItaJy): a
new hypothesrs. 7èctonophisics, v. 270, pp. 127-143, Lrrr-
sterdam.
Boccaletti M., Bonini M., Moratti G. & Sani F. (1995) - Nuo-
ve ipotesi sull'evoluzione dei bacini post-nappe in rela-
ztone alle fasi compressive neogenico-quaternarie
dell'Appennino Settentrionale. Atti del Convegno Rap-
pono Alpì.-Appennino. 31 Maggio-l Giugno 1994, pp.
XA-262, Peveragno (CN).
Bonini M. & Moratti G. (1995) - Evoluzione tettonica del
Bacino neogenico di RadicondoliVolterra (Toscana Me-
. ridionale). Boll. Soc. Geol. It.,y. 11.4, pp. 549-573, Roma.
Bonini M, Cerrina Ferroni A., Martinelli P., Moratti G., Va1-
leri G. & Certini L. (1,994) - The intramessinian angular
unconformity within the Radicondoli syncline (Siena,
Tuscany, Italy) : structural and biostratigraphical prelimi-
nary data. Mem. Soc. Geol. It., v. 48, pp. 501-507, Roma.
Bossio 4., Costantini L., Lazzaroffo A., Liotta D., Mazzanti
R., Mazzei R., Salvatorini G.F. 8{ Sandrelli F. (1993) -
Rassegna delle conoscenze sulla stratigrafia del Neoau-
toctono toscano. M.* <^. (1.^t rt - ^q, pp. 17_99,
Roma.
Bossio 4., Cerri R., Mazzei R., Salvatorini G.F. & Sandrelli
F. (1994) - The Neoautochthonous succession of the
Spicchiaiola - Pignano area, East of Volterra (Southern
Tuscany, kaly). Menr. Soc. Geol. It, v. 48, (1992), pp.
425-430, Roma.
Bossio, A., Cerri R.,Mazzei R., Salvatorini G.F. & Sandrelli,
F. (1996a) - Geologia dell'area Spicchiaiola-Pignano (Set-
tore orientale del Bacino di Volterra). Boll. Soc. Geol. It.,
v. 115, pp. 393-378, Roma.
Bossio 4., Esteban M.,Mazzanti R., Mazzei R.EE Salvatorini
G.F. (1996b) - Rosignano reef complex (Messinian), Li-
vornesi Mountains, Tuscany, Central Italy. S.E.P.M (So-
ciety for Sedimentary Geolog), v. 5, pp. 277-294, Am-
sterdam.
Bossio A., Foresi L.M., Mazzei R., Salvatorini G.F., Ec San-
drelli F. (1995) - Evoluzione terronico sedimentaria neo-
genica lungo una trasversale ai bacini di Volterra e della
Val d'Elsa. Studi Geologici Camerti, Yol. 1995/ t, pp. 93-
104, Camerino.
Bossio A., Guelfi F., Mazzei R., Monteforri B. & Salvatorini
G.F. (1991) - Note geologiche e strarigra{iche sull'area
di Palmariggi (Lecce, Puglia) . Riv. It. Paleont. Strat., v.
97, pp. 175-234, Milano.
Cande, S. Er Kent, D. (1995) - Revised calibration of the Geo-
magnetic Polarity Time Scale for the Late Cretaceous
and Cenozoic. Journ. Geopb. Res (in press).
Carmignani L., Decandia F.A., Disperati L., Fanrozzi P.L.,
Lazzarotto A., Liotta D. & Meccheri M. (199a) - Tertia-
ry extensional tectonics in Tuscany (Northern Apeni-
nes, Italy). Tèctonophisics, v. 238, pp. 295-315, Amster-
dam.
Carmignani L., Decandia F.4., Disperati L., Fantozzt P.L.,
Lazzarofro A., Liotta D. & Oggiano G. (1995) - Rela-
tionships between the Sardinia Corsica-Provengal-Do-
main and the Northern Apeniles. Tèrranoaa, y. 7, pp.
128-1,37, Oxford.
Cerri R. Ec Sandrelli F. (1994) - Cana geologica dell'area Spic-
chiaiola-Pignano. In: Bossio, A., Cerri, R., Mazzei, R.,
Salvatorini G.F. e Sandrelli, F. (1996) Geologia dell'area
Spicchiaiola-Pignano (Settore orienrale del Bacino di
Volterra). Boll. Soc. Geol. It., v. 115, pp. 393-378, Roma.
Decandia F.A,., Lazzarotto A. & L,iotta D. (1993) - La "Serie
Ridotta" nel quadro della evoluzione della Toscana Me-
ridionale. Mem. Soc. Geol. It., v. 49, pp. 181-190, Roma.
Scritti in onore di L. Trevisan.
D'Onzro M, Foresi L.M., Laurenzi M.A., Sandrelli F. 6c Te-
sta G. (1995) - Studio petrologico e cronologico di un
Allostratigraplry and seismic stratigrapb of the Spicchiaiola Pomarance area 367
livello tufitico intercalato nella successione continentale
pre evaporitica dell'area di Sassa (Provincia di Livorno).
Studi Geologici Carnerti, Volume 1995/L, pp. 373-381,
Camerino.
Elter F.M. Ec Sandrelli F. (1995) - La fase post-nappe nella
Toscana meridionale: nuova interpr etazione sull'evolu-
zione dell'Appennino Settentrionale. Atti Tic. Sc. 1èrra,
v. 37, (199 4), pp.17 3-193, Pavia.
Foresi L.M., Iaccarino 5., Mazzei R. & Salvatorini G.F.
(submitted) - New data on the calcareous plankton bio-
stratigraphy of the Middle Upper Miocene of the Medi-
terranean area. Riv. It. Paleont. e Strat., Milano.
Foresi L.M., Pascucci V Er Sandrelli F. (1996a) - LArenaria
miocenica di Ponsano (Pisa, Toscana): evoluzione paleo-
ambientale e bio-cronostratigraÍia. Congresso Società
Paleontologica Italiana (SP!, Parma, 10-13 Settembre
1996. Riassunti.
Foresi L.M., Pascucci V., 8c Sandrelli F. (1996b)- IjArenaria di
Ponsano: analisi di un deposito di shoreface del Mioce-
ne Medio-Superiore della Toscana. Riunione annuale
G.I.S. 1996, 10-14 Ottobre,. Atti a cura di A. Colella,
pp. 150-155, Catania.
Francolini L., LeccaL. &. Mazzer. R. (1990) - La presenza del
Pliocene Inferiore nella piattaforma continentale della
Sardegna occidentale. Atti Soc. Tósc. Sci. Nat. Mem., Se-
rie A, v. 97, pp. 93-111, Ptsa.
Giannini E. 8c Tongiorgi M. (1959) - Stratigrafia neogenica
toscana. I. Larenaria elveziana di Ponsano (Volterra).
Boll. Soc. Geol. It. v. 78, pp. 83-100, Roma.
Iaccarino S. & Salvatorini G.F. (1982) - A framework of
planktonic foraminiferal biostratigraphy for Eady Mio-
cene to Late Pliocene Mediterranean area. Paleont. stra-
tigr. ed eooluz. Quad. 2, pp. 715-125,Pisa.
Lavecchia G. & Stoppa F. (1992) - Distribuzione regionale dei
litotipi ignei, traccianti geochimici e altri caratteristici
dell'area tirrenica e peri-tirrenica, sua evoluzione tetto-
nica e verifica del modello estensionale. Studi Geologìci
Camerti, Volume speciale, 1991/1, pp. 413-428, Cameri-
no.
Lazzarotfo A.. & Mazzanti R. (1978) - Geologia dell'alta Val
di Cecina. Boll. Soc. Geol. It., v. 95, pp. 1365-1487,
Roma.
Lazzarotta A., Lioaa D., Pascucci V& Torelli L. (1995) - I-e se-
quenze sedimentarie Neogenico-Quaternarie nella Piat-
taforma del Tirreno Settentrionale. Studi Geologici Ca-
merti. Yolume Speciale 1995/ l, pp. 499-507 , Camerino.
Leeder M.R. & Gawthorpe R.L. (1987) - Sedimentary models
for extensional tilt blok/half-graben basins. In: M.P. Co-
ward, J.F. Dewey and P.L. Hancock Editors. Geological
Society Special Publication. v.28, pp. 139-152, I-ondon.
Liotta D. (1991) - Tha Arbia-Val Marecchia line, Northern
Apenines. Eclogae Geol. Helo., v. 84, pp. 413-430, Basel.
Mariani M. Ec Prato R. (1988) - I Bacini nogenici costieri del
margine terrenico: approccio sismo stratigrafi.co. Mem.
Soc. Geol. It., v. 41, pp. 519-531, Roma.
Martini I.P. & Sagri M. (1993) - Tectono-sedimentary charac-
teristic of Late Miocene-Quaternary extensional basins
of the Northern Apennines. Eartb. Sci. Rev., v. 34, pp.
197-233. Amsterdam.
Manini I.P., Pascucci V. & Sandrelli F. (1995) - Late Miocene
Paleogeography of the Monte Soldano Area, Southea-
stern Part of Volterra Basin, Tuscany, ftaly. Ria. It. Pa-
leont. Strat., v.. 101, pp. 381-388, Milano.
Mazzanti R. (1961) - Geologia della zana di Montaione tra le
Valli dell'Era e dell'Elsa (Toscana). Boll. Soc. Geol. It., v.
80, pp.37-126, Roma.
Mazzanti R. (1966) - Geologia della zona di Pomarance-Lar-
derello (Prov. di Pisa). Mem. Soc. Geol. It., v. 5, pp. 105-
138, Roma.
Mazzanti R., Mazzei R., Menesini E. Ec Salvatorini G.F.
(1981) - LArenaria di Ponsano: nuove precisazioni so-
pra I'eta. IX Convegno della Società Paleontologica Ita-
liana. 3-8 Ottobre, 1981, pp. 135-160, Pisa.
Mazzei R. 6c Oggiano G. (1990) - Messa in evidenza di due
cicli sedimentari nel Miocene dell'area di Florinas (Sar-
degna Settentrionale). Atti Soc. Tos. Sci. Nat. Mem., Seríe
.t', v. 97, pp. 179-147, Pisa.
Mazzei R., Pasini M., Salvatorini G. 6. Sandrelli F. (1981) -
I-età della "Arenaria di Ponsano" della zona di Castelli-
na Scalo (Siena). Mem. Soc. Geol. It., v. 21,, pp. 63-72,
Roma.
Menesini E. (1967) 
- 
I Pesci miocenici delle " Arenarie di
Ponsaao" (Volterra, provircia di Pisa). Atti Soc. Tos. Sci.
Nat. Mern., Serie A, v.74, pp. 1-20, Pisa.
NACSN (North America Commission on Stratigraphic No-
menclature) (1983) North American Stratigraphic
Code. A.A.P.G., Bull., v. 67, pp. 841-875, Tulsa.
Pascucci V (1995) - Evoluzione sedimentologica e paleogegra-
fica dell'area di M.te Soldano, settore meridionale del
Bacino di Volterra (Prov. Pisa). Atti Tósc. Sc. Nat. Mem.,
Serie A, v. 51, (1994), pp. 227-240,Pisa.
Pascucci V. (1996) - Stratigrafia Sismica: Analisi Comparativa
Tra Un Bacino Neoautoctono Onshore Ed Uno Off-
shore Della Toscana Meridionale (Italy). Riunione An-
nuale GIS 7996, Catania 10-14 Ottobre. Atti a cura di
A. Colella, pp. 220-227, Catania.
Pafacca E. & Scandone P. (1989) - Post Tononian mountain
building in the Apennines, the role of the passive sin-
king of a relic lithospheric slab. In A. Boriani, M. Bo-
nafede, G.B. Piccardo E G.B. Vai (Editors.), The litho-
sphere in ltaly. Advances in Earth Science Research. It.
Nat. Comm. Int. Lith. Progr., Mid-term Conf. Atti
Cona. Lincei, v. 80, pp. 157-176,Roma.
Scandone P. (1979) - Origin of the Tyrrhenian Sea and Cal-
brian Arc. Boll. Soc. Geol. It., v. 98, pp. 27-34,Roma.
Serri G., Innocenti F., Manetti P., Tonarini S. 6c Ferrara G.
(1992) - I1 Magmatismo Neogenico Quaternario
dell'area Tosco-Laziale-IJmbra: implicazioni sui modelli
di evoluzione geodinamica dell'Appennino Settentrio-
nale. Studi Geologici Carnerti, Volume speciale, 1991/1,
pp. 429-463, Camerino.
Trevisan L., (1951) - Sul complesso sedimentario del Miocene
superiore e Pliocene della Val di Cecina e sui movirnen-
ti tettonici tardivi in rapporto ai giacimenti di lignite e
di salgemma. Boll. Soc. Geol. It., v. 70, pp. 65-78, Roma.
'lflalker R.G., (1992) - Facies, {acies models and modern strati-
graphic concepts. In: Facies Models, response to sea le-
vel change. R.G. S?alker and N.P. James Eds. Geological
Association of Canada, pp. 1-14, S. John's.
Receioed January 17, 1997, accepted August 28, 1997
